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ZrAXIS ASSEMBLY OFMEDICAL DE^romiOGRAMMER 

10001] This appUcation claims priority from U.S. provisional appli^^^^^ 

60/508,51 1. med October 2. 2003, the entire content of whidi is incorporated herein b 
reference. 



TECHNICAL FIELD 
[0002] nie invention relates to medical devices and, more particularly, to handheld 
programmers for medical devices. 



BACKGROUND 

10003] Medical devices are used to deUver therapy to patients to treat a variety of sjmptoms 
or conditions, and may be implantable or external. An implantable neuiostimulator, for 
example, may treat symptoms or conditions such as chronic pain, tremor, Parkinson's 
disease, epilqjsy. incontinence, or gastreparesis. The implantable medical device delivers 
neurestimulation therapy via one or more leads that include electrodes located proximate to 
the spmal cord, pelvic nerves, or stomach, or within the brain of a patient. In general, the 
implantable medical device delivers neurestimulation therapy in the fomi of electrical pulses. 
[0004] A clinician selects values for a number of programmable parameters in order to define 
the neurostimulation therapy to be deUvered to a patient. For example, the dinician may 
select an amplitude, which may be a current or voltage amplitude, and pulse width for a 
stimulation waveform to be delivered to the patient, as weU as a rate at which the pulses are 
to be delivered to the patient In addition, the clinician also selects particular electrodes 
xvithm an electrode set to be used to deliver the pulses, and the polarities of the selected 
electrodes. 

[0005] The clinician uses a clinician programme to program the parameters into the 
implantable medical device. The unplantable medical device may store multiple programs, 
however, which may be selected by the patient using a patient programmer. Hie patient miy 
select different programs to modify therapy delivered by the implantable medical devices, 
e.g., to achieve greater pain relief Different programs maybe appropriate for different times 
of day or different physical activities or poshires. 
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[0006] nie patient pro^^er compiiinicates with the implantable medical device to 
modify programs using radio frequency (RF) telemetry. For this reason, the patient 
programmer includes an external antenna with an RF telemetry head for placement on the 

patient's body at a position near the implantable medical device. Tlie patient progm^ 
typically designed as a mobile device that may be carried by the patient throughout the 
course of the day. For example, the patient programmer may be a handheld device, and 
typicaUy is powered by batteries within the device. 



SUMMARY 

[00071 In general, the invention is directed to a handheld programmer, such as apatient 
programmer, for a medical device. The medical device may be an implantable medical 
device, an external medical device, or a medical device with external and implanted 
components. The handheld programmer wiU be described in conjunction with an implantable 
neurostimulator for purposes of illustration. TTie patient programmer may include one or 
more of a variety of features that may enhance perfonnance. support mobility and 
compactness, or promote patient convenience. 

[0008] For example, a patient programmer in accordance with an embodiment of the 
invention may include both an internal antemia for RF telemetry with an implantable medical 
device and a display device. An external antemia also may be attached to the patient 
programmer via a cable, and may include an RF telemetry head for placement on the 
patient's body at a position near an implanted medical device. 

[0009] nie small nature of the handheld patient programmer makes it desirable to locate the 
display, mtemal antemia, batt«ies and printed circuits board in very close proximity to each 
other. However, when any of these components arc located near each ottier. poor RF 

communicationcanresultfromanumberofelectronicissuessuchas:noiseinjectio^ 
couplmg, and unwanted antemia loading. The invention described herein, in some 
embodiments, addresses tiiese issues and results in a small handheld device with superior and 
reliable RF communication. 

[0010] The internal antemia is mounted witiiin tiie patient programmer housing, and may 
have a sti^cture designed for perfomiance and compactness. In addition, the internal antemia 
may facditate programming of the implanted medical device by simply placing flie patient 
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programmer on the patient's body, at a position near the implanted medical device, thereby 
promoting patient conveniaice. 

[0011] In addition, the internal antenna may have a loop-like structure that defines a central 

aperture. The central aperture may be shaped and sized to accommodate insertion of one or 

more batteries into the programmer. In some embodiments, the loop-like structure may be 

substantiallyrectangular. Ibe batteries may be mounted in a battery bay within the antemia 

aperture. ^ some embodiments, the battery bay protrudes into the antemia aperture from the 
patient programmer housing. 

[00121 Tho batteries may be placed in the battery bay via an access door on the outside of the 
patient programmer housmg. In some cases, the batteries may contribute fevorably to the RF 
load presented to the internal antenna. In particular, fixe batteries may present an additional 
load to the internal antemia, enhancing immunity to electrical and electromagnetic 
interference during telemetry sessions with the implantable medical device. To further 
reduce electrical and electromagnetic intetfer«ice, the internal antenna may be constructed 
with a woven copper braid that enhances shielding and reduces antenna loading during 
transmission and reception. 

[00131 The display in the patient programmer may include a display screen, such as a Uquid 
crystal display (LCD), to present status information and other messages to the patient. To 
i^uce the effects of electrical and electromagnetic interference produced by the display 
screen, and associated display electronics, on telemetry performance, the display screen and 
mtemal antenna may be displaced from one another wifliin the patient programmer housing. 
[0014] For example, the antenna and associated transmit and receive electronics may be 
mounted on a Grst circuit board, and the display and associated display electronics may be 
mounted on a second circuit board. The first and second circuit board may occupy different 
planes, displaced from one another, within the patient programmer housing. However, the 
display and antemia may overlap one another, providing a compact, stadc-like configurati. 
[0015J The internal antemia may be mounted on an outward-fadng side of the first circuit 
board, and the display may be mounted on an outward-fadng side of flie second circuit 
board. In some embodiments, the internal antemia may be mounted to a bottom housmg 
cover above the surface of the first circuit board, and electrically comiected to flie circuit 
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board via a connector. In this manner, the internal antenna dso may be displaced from 
first circuit board. 

[00161 The separation distance between the circuit boards may serve to reduce the effects of 
electrical and electromagnetic interference caused by the display on signals transmitted and 
received by the internal antenna. In addition, the placement of the antemia and display 
electronics on different circuit boards may reduce electrical and electromagnetic interference. 
In summary, the internal antenna anangement provides a compact design, but reduces the 
effects of circuit board noise on telemetry performance. 

[0017] In some embodiments, a majority of digital electronics may be placed on the first 
dmiit board with the display, and a majority of analog and RF electronics may be placed on 
the second circuit board. Consequently, much of the digital electronics on one circuit board 
may be selectively turned off during telemetry sessions administered by analog components 
on the other circuit board. In this manner, the programmer can be configured to reduce the 
impact of significant electrical and electromagnetic noise on telemetry perfomiance. 
[0018] For example, the patient programmer may include a processor or other control 
drcuitry that selectively disables, i.e., turns off, (he display during RF telemetry with the 
internal antemia to promote more reliable communication. Hie processor or control circuitry 

alsomaydisableelectronicsassodatedwiththedisplayduringatelemetrysession. For 
example, the display and display electronics may be temporarily disabled during reception of 
RF signals from the IMD. transmission of RF signals to the IMD, or both. 
[00191 In this mamier, the patient programmer selectively controls the display and display 
electronics to reduce electrical and electromagnetic interiference. The processor enables the 
display and display electronics upon completion of telemetry. When use of an external 
antemia is detected, the processor may enable the display, as electrical and electromagnetic 
mterfer^ice may be less of a concern for the external antemia. which extends away from the 
patient programmer via a cable, e.g., by several inches or feet. 

[0020] The patient programmer also may feature a stacked configuration that permits Z-axis 
assembly of the components of the programmer, including a bottom housing cover, the 
antemia. the antemia circuit board, the display circuit board, a display lens cover faceplate 
that protects the display, ir^ut buttons, and the top housing cover. In this mamier, the various 
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components may be stacked on top of one another to bmld the patient progiammer from back 



to front 



100211 The display lens cover faceplate may be an in-mold decorated lens faceplate that can 
be printed with distinctive indicia just prior to assembly to customize the appearance of the 
programmer, and then inserted into the front housing cover. e.g.. within a recessed area or 
opening in the front housing cover. In some cases, the display lens cover faceplate may be 
printed with personalization information, such as patient name, address and phone number. 
10022] Also, the display lens cover faceplate may carry different graphics to distinguish 
different types of therapy delivered by themedical device, or distinguish different model 
types. Hie facqjlate also may be made with different configurations that expose different 
sets of buttons, and may have different appearances, including different colors, illustrations, 
anddesigns,whilefittinginacommonmountingarea. Such features, including particularly 
different sets of buttons, may be appropriate to particular types or models of medical devices. 
I0023J An external antemia used with the patient programmer may include a cable and a 
loop-like telemetry head at one end of the cable. ITie loop-like telemetry head is placed on 
the patient's body at a position near the implanted medical device. TTie loop-like telemetiy- 
head may define a unique aperture with a wide end and a narrow, tapered end, e.g., somewhat 
smiilar to the shape of a tear drop. The narrow, tapered end of the aperture defines a chamiel 
or "notch" designed to capture clothing wom by the patient to therd>y hold the telemetry 
head in place near the implanted medical device during programming. When the clothing, 
such as a shirt, is forced into the chamiel. an interference fit or friction tends to hold the 
clothing and the telemetry head in place relative to one another. 

100241 In some embodiments, the patient programmer may be programmed via a software 
loading port, sudi as a JFAG interfece. In particular, the programmer may include 
nonvolatile memory, such as flash memory or CPLDs that may be programmed with basic 
operating system functionality and programs via a software loading port during initial 
assembly. TTie software loadmg port may be ejqwsed via tfie front housing cover. e.g.. prior 
to place of tiie lens cover faceplate. For example, flie front housing cover may present an 
aperture tiiat permits access to tiie software loading port, but is covered by the lens cover 
facq)late when it is placed in flie fiont cover housing. In tiiis mamier, tiie programmer may 
be programmed as one of tiie final steps in tiie manufacturing process. 
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[00251 This feature enables a large number of programmers to be preassembled, placed in 
storage if desired, and then programmed for operation with an appropriate type of medical 
device, e.g., just before the lens cover faceplate is placed in the front housing cover. A 
programming head may be sized and shaped to engage the software loading interface and 
download software from a host computer such as a handheld computing device. Hence, large 
numbers of programmers can be stockpiled, and then loaded with appropriate operating 
system and application software to spedaUy configure the programmer with one of a 
pluraUty of functional sets for use wifl, a specific type of programmer and IMD. 
I0026I Following assembly, flie patient programmer may be reprogrammed, updated or 
upgraded via an infrared interface provided in the patient programmer. Unlike the software 
loading port, which may be covered by the lens cover faceplate upon assembly, the infrared 
interface is exposed for interaction with an infrared communication device. For example, the 
infrared interface may be activated ^en the device is powered up, e.g., by activating an 
W button on the patient programmer or replacing batt«ies in the programmer. Upon 
power-up, the infrared interface enters a programming state, i.e., a listening period, in which 
it is capable of establishing an infrared communication session for field updates and upgrades 
to the embedded operating system. 

[00271 For example, the infrared interface may remain active for initiation of a 
communication session for a period of time following power-up, i.e., a finite Ustening period. 
A dedicated programming device or a clinician programmer may include an infrared interface 
to communicate with the infrared interfece of the patient programmer, and provide updates to 
software or finnware. In this mamier, the embedded operating system and. in some cases, 
medical device programs in the patient programmer may be updated in the field. If no 
external infrared communication device is detected within a period of time, e.g., seconds, 
following power-up. the infrared interface may go inactive. The infrared int«face for 
updates and upgrades in the field may be provided in addition to a software loading interface 
that is used to initially load the operating system software and application software upon 
manufacture and assembly of the programmer. 

[00281 In accordance with another embodiment, a circuit board within the programmer, e.g., 
a dreuit board on which an internal antenna is mounted or placed neaiby, may be configured 
to fiirtfaer promote telemetry perfomiance. For example, a ground plane may be provided 
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with a substantially continuous groiind plane area interrupted by a plurality of gaps that 
extend generally outward from a center of the circuit board. A single, contiguous ground 
plane area is desirable to provide a low impedance return path for electrical signals 
transmitted via traces on signal planes. The gaps define sub-areas, which may be dedicated 
to providing low impedance return paths to maintain signal integrity for respective signal 
groups on the signal planes. 

[0029J In addition, the signal planes in the antenna circuit board may be configured to 

present a reduced magnetic load to the magnetic circuit operating on the antemia. Reduction 
or elimination of surfece area of the conductive signal planes within the antemia aperture 

serves to reduce the magnetic load to the magnetic circuit of antemia. In particular, the 
signal planes may include electrostatic discharge layers that define apertures in aHgmnent 
with, and sized and shaped simUarly to. the aperture of antemia to substantially reduce the 
magnetic load. 

10030] The details of one or more embodiments of the invention are set forth in the 
accompanying drawings and the description below. Other features, objects, and advantages 
of the invention will be apparent from the description and drawings, and from the claims. 

BRIEF DESCRIPTION OF DRAWINGS 

[0031] FIG. 1 isaconcq)tual diagram illustratingasystemforprograrnming and delivering 
medical therapy. 

[0032] FIG. 2 is a block diagram illustrating a patient programmer for programming an 
implantable medical device. 

[0033] FIG. 3 is a flow diagram iUustiating a technique for selectively enabling and disabling 

a display to reduce electrical and electromagnetic interference during telemetry. 

[0034] FIG. 4 is a perspective view of a patient programmer. 

[0035] FIG. 5 is a partially exploded view of a patient programmer. 

[0036] FIG. 6A is a perspective view of an external antenna for use with a patient 

programme-. 

[0037] na 6B is a perspective view of an external antenna attached to a patient's shirt. 
[0038] FIG. 7 is a perspective view of a patient programmer. 
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10039] FIG. 8 is a perspective view illustrating the patient programmer of FIG 7 with the top 
housing cover removed and an interior view of the top housing cover. 
10040] FIG. 9 is a perspective view illustrating the patient programmer of FIG 7 with the top 
housmg cover and display circuit board removed. 

10041] FIG. 10 is a perspective view illustrating the patient programmer of FIG. 7 with the 
top housing cover, display circuit board and antemia circuit board removed. 
10042] FIG. 11 isaperspective view illustrating the patient programmer ofFIG.7with the 
top housing cover, display circuit board and antemia circuit board removed, and an antemia- 
side view of the antenna circuit board. 

[0043] FIG. 12 is a perspective view illustrating the antenna circuit board and bottom 
housing cover of the patient programmer of FIG. 7. 

10044] FIG. 13 isaperspective view iUustratingaside view ofthe display circuit board and 
the antenna circuit board, 

10045] FIG. 14 is a perspective view iUustrating a second side view ofthe display circuit 
board and the antenna circuit board. 

[0046] FIG. 15 is a perspective view iUustrating the bottom housing cover with a battery bay 
and an internal antenna. 

[0047] FIG. 16isaperspective view illustrating the internal antenna and the antemia circuit 

board. 

[0048] FIG. 17 is a p«spective view illustrating an ejq,Ioded view ofthe top housing cover 
including a display Igds cover. 

[0049] FIG. 18 isaperspective view illustrating another exploded view ofthe top housing 
cover with the display lens cover removed fiom the top housing cover. 

[0050] FIG. l^isaperspective view illustratingabottomsideofthe patient programmerof 
FIG. 7, mcluding a battery door. 

[0051] FIG. 20 is a perspective view, illustrating a clinician programmer that may be used 
with a medical device as described herein. 

[0052] FIG. 21 is a perspective view ofthe clinician programmer of FIG. 19. 

[0053] FIG. 22 is a perspective view iUustrating a medical device system including a 

clinician programmer, patient programmer and implantable medical device. 

[0054] FIG. 23 is a conceptual side view of an antemia circuit board for use in a programmer. 
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10055] FIG. 24 is a plan view of a ground plane for an antenna circuit board as shown in 
FIG. 23. 

[0056] FIG. 25 is a plan view of a first signal plane for an antenna circuit board as shown in 
FIG. 23. 

[0057] FIG. 26 is a plan view of a second signal plane for an antenna circuit board as shown 
in FIG. 23. 



DETAILED DESCRIPTION 
10058] FIG. 1 is a conceptual diagram illustrating a system 10 for programming and 
delivering medical therapy to a patient 1 8. In the example of FIG. 1, system 10 includes an 
implantable medical device 12, in the form of an implanted neurostimulator, that delivers 
neurostimulation therapy to patient 18. H«ice, IMD 12 may be an implantable pulse 
generator, and may deUver neurostimulation therapy to patient 1 8 in the form of electrical 
pulses. In some embodiments, IMD 12 may include a rediargeable battery power supply that 
can be transcutaneously recharged periodically to maintain operating power within the IMD. 
System 10 may incorporate one or more of a variety of features designed to enhance 
performance, support mobility and compactness, or promote patient convenience. 
[0059] IMD 12 delivers neurostimulation therapy to patient 12 via leads 14A and I4B 
(collectively 'leads 14"). Leads 14 may. as shown in FIG. 1, be implanted proximate to the 
spinal cord 16 of patient 18. and IMD 14 may deUver spinal coid stimulation (SCS) therapy 

topatientl8inorderto,forexample.rBducepainexperiencedbypatientl8. However.the 
invention is not limited to the configuration of leads 14 shown in FIG. 1 or the delivery of 
SCS therapy. For example, one or more leads 14 may extend fiom IMD 12 to the bram (not 
shown) of patient 18. and IMD 12 may deliver deep brain stimulation (DBS) therapy to 
patient 1 8 to, for example, treat tremor or epilq,sy. As fiirther examples, one or more leads 
14 may be implanted proximate to the pelvic nerves (not shown) or stomach (not shown), and 
IMD 1 2 may deliver neurostimulation therapy to treat incontinence or gastroparesis. 
[0060] IMD 12 delivers neurostimulation therapy to patient 18 according to one or more 
neurostimulation therapy programs. A neurostimulation tiierapy program may include values 
for a number of parameters, and tfie parameter values define tiie neurostimulation tiierapy 
delivered according to tiiat program. In embodiments where IMD 12 deUvers 
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neurostimulation therapy in the form of electrical pulses, the parameters may include pulse 
voltage or current amplitudes, pulse widths, pulse rates, and the like. Further, each ofleads 

14 includes electrodes (not shown), and the parameters for a program may include 
information identifying which electrodes have been selected for deUvery of pulses according 
to the program, and the polarities of the selected electrodes. 
10061] System 10 also includes a patient programmer 20. Programmer 20 may be a 
handheld computing device. .Ideally, the handheld patient programmer 20 should be smaU 
enough to be concealed discreetly by the patient and still result in reUable RF communication 
with IMD 12. Patient programmer 20 includes a processor 22 that executes instructions 
stored in memory 24 to control functions performed by the patient programmer. Processor 
22 may include a microprocessor, a controUer, a DSP, an ASIC, an FPGA, discrete logic 
circuitry, or the like. 

[0062] Patient programmer 20 fiirther includes a display 28, such as a LCD, LED or plasma 
display, to display infonnation to a user. Programmer 20 may also include a user input 
device 26, vMch may be used by a user to interact with programmer 20. hi some 
embodiments, display 28 may be a touch screen display, and a user may interact with 
programmer 20 via display 28. A user may also mteract with programmer 20 usmg 
peripheral pointmg devices, such as a stylus or mouse. User input device 26 may take the 
form of an alphanumeric keypad or a reduced set of keys associated with particular functions. 
[0063] Processor 22 drives display electeonics associated with display 28 to present status 
infonnation and other data to patient 18. Advantageously, display 28 may provide graphical 
information, textual information, or both to indicate the status of operation of programmer 20 
and IMD 12. Consequently, when changing programs, device settings (such as 
neurostunulation parameter settings, or other features, patient 18 may receive visual feedback 
directly from programmer 20 as to the status of the changes. Thus, in the context of 
neurostimulation, for example, patient 18 need not rely merely on changes in sensation (e.g., 
paresthesia) or audible beeps indicating the progress of changes to assess whether the 
changes have been made. Visual presentation on display 28 may be provided in conjunction 
with audible tones, heeps, or even audible voice advisories. 

[0064] Also, programmer 20 may interact with IMD 12 to assess operation and status of the 
IMD 12. For example, programmer 20 may interrogate IMD 12 to ascertain the charge status 
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Of a rechargeable battery power supply within IMD 12. In this manner, programmer 20 may 
advise patient 20 of the current charge status, and indicate when recharge is necessary or 
advisable. The charge status may be presented to patient 18 on display 28 as a percentage, 
number, bar representation, or other graphical, textual or iconic representation that conveys 
to the patient the battery charge status within IMD 12. Of course, display 28 may also 
convey the battery charge status for batteries within programmer 20 itself in a similar 
manner to the presentation of battery diarge for IMD 12. 

[00651 Further, in some embodiments, display 28 may provide the opportunity to present 
graphical depictions of the status of IMD 12, includmg the status of leads and electrodes and 
portions of the body targeted for therapy by those leads and electrodes. Also, when an 
external antenna is used for telemetry with IMD 12, display 28 may present an indication of 
the location of the antenna relative to the IMD 12 for a telemetry session, e.g., based on 
telemetiy signal strength between the antenna and IMD 12. 

(00661 In addition, processor 22 receives user input entered by a user via user input 26 to 
control various operations performed by patient programmer 20. Processor 22 also controls a 
telemetry interface to transmit and receive information, such as instructions and status 
infonnation. In particular, telemetry interface 30 drives one or both of an internal antenna 32 
and an external antenna 34 to transmit instmctions to IMD 12. In addition, telemetry 
interface 30 processes signals received by internal antenna 32 and external antenna 34 from 
IMD 12. Internal antenna 32 is mounted within a housing associated with patient 
programmer 20. whereas external antenna 34 extends outward from patient programmer 20 
via an antenna cable. Notably, as shown in FIG. 1, programmer 20 may include both a 
display 28 and internal antoma 32. 

100671 Patient 18 carries programmer 20 and uses the programmer to program 
* neurostimulation therapy for the patient throughout the course of the patient's day. Agam, 
. however, certain aspects of the invention are not limited to patient programmers, but also 
may contemplate clinician programmers. For a neurostimulation appUcation, if IMD 12 is 
q)propriately configured, programmer 20 may control IMD 12 to support delivery of 
multiple programs simultaneously, in an interleaved manner. For example, two or more 
programs may be deUvered on an interleaved basis. This is beneficial because it affords the 
physician more flexibiUty when attempting to cover a patient's pain area with paresthesia. 
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Additional programs give the physician more options to optimize the pain area with 
paresthesia, when needed. 

[0068] In the interest of portability, patient programmer 20 further includes a battery power 
supply 36, as mentioned above. Patient 18 may use programmer 20 to select different 
programs or modify parameter settings, such as amplitude, rate, electrode configuration, and 
the Uke to enhance therapeutic effects. Program or parameter changes inay be appropriate 
for changes in physical activities, postures, time of day, or other events. Different programs 
or parameters may have different results in terms of symptom reUef, coverage area relative to 
symptom area, and side effects. 

[00691 A clinician programmer (not shown) may be used by a clinician to create 
neurostimulation therapy programs and load the programs either into memory associated 
with IMD 12 or patient programmer 20. Hence, in some embodiments, patient programmer 
20 may be configured to download programs stored in memory associated with the patient 

programmertoIMD 12toimtiatenewprogramsormodifyexistingprograms. Inother 
embodiments, however, patient programmer 20 merely communicates instructions to IMD 12 
to select different programs or parameters settings fit>m memory in the IMD. Memory 24 of 
patient programmer 20 may include a nonvolatile form of read-only memory (ROM), such as 
flash memory, EEPROM. FPGA, CPLD, or the like, and may store application software for 
execution of instructions by processor 22, device parameters, use data, diagnostic data, and 
other software related information. Read-only memory contents are retained without 
application of power. Alternatively, or in addition, memory 24 may include random access 
manory (RAM). 

[0070] In order to modify programs and parameter settings and otherwise control IMD 12, 
patient programmer 20 communicates with IMD 12 via wireless telemetry techniques. For 
exarnple, programmer 20 may communicate with IMD 12 via RF telemetry. In this manner, 
patient programmer 20 is used by patient 12 to control the delivery of neurostimulation 
therapy by IMD 12. For telemetry with IMD 12, patient programmer 20 may use either 
internal antenna 32 or external antenna 34 on a selective basis. 

[00711 External antenna 34 may be attached to the patient programmer 20 via a cable, and 
many include an RF telemetry head for placement on the patient's body at a position near 
IMD 12. hitemal antenna 32 is mounted within or on the housing of patient programmer 20, 
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and may have a stra(*jre designed for perfonnance and (X)mpactn^^^ In addition, internal 
antenna 32 may facilitate programming of the IMD 12 by simply placing the patient 
programmer 20 on the patient's body at a position near the implanted medical device, thereby 
promoting patient convenience, 

100721 Display 28 and associated display electronic can produce significant electrical and 
electromagnetic interference capable of degrading the performance of internal antemia 22 
during telemetry sessions. Hiis interference may be particularly troublesome due to the 
relatively close proximity of internal antemia 32 to display 28 within the housing of patient 
programmer 20. For this reason, processor 22 or other control circuitry within patient 
programmer 20 may be configured to selectively disable, i.e., turn off, display 28 and 
associated display electronics during RF telemetry with internal antenna 32 to promote more 
reliable communication. For example, display 28 and display electronics maybe temporarily 
disabled during reception of RF signals, transmission of RF signals, or both, by internal 
antrama32 

[0073] In this manner, patient programmer 20 selectively controls the display 28 and display 
electronics to reduce electrical and electromagnetic interference. Processor 22 then enables 
the display 28 and display electronics upon completion of telemetey using internal antenna 
32. In some embodiments, patient programmer 20 may control display 28 to display 
information at a lower intensity, rather than turning oflFthe displ^. When use of an external 
antenna 34 is detected, processor 22 may enable display 28, as interference may be less of a 
concern for the external antenna, which extends away ftom patient programmer 20 via a 
cable. 

[0074] FIG.2isablock diagram illustrating patient programmer 20 in greater detail. As 
shown in FIG. 2, display 28 may include an LCD module witii an LCD lighting source. In 
other embodiments display 28 may comprise a plasma display, or the like, that is capable of 
presenting an icon driven graphical user interface (GUI). However. in this disclosure, the 
term display is not meant to include indicator LEDs or other ncn-graphical signals. Also, 
user input device 26 may include a push button matrix. The push button matrix 26 
corresponds to a matix of input buttons used by patient 1 8 to alter stimulation parameters 
and maneuver through the GUI presented by display 28. 
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[00751 An infrared (e.g., IRDA) interface 38 may be provided for upgrades, updates, and 
reprogramming of the embedded operating system of patient programmer 20 in the field or 
clinic. The in&ared interface 38 may also include a controller (not shown) to control IRDA 
interface 38 to initiate an infrared communication session for a period of time following 
power-up of programmer 20. A software loading port 40. such as a Jomt Test Action Group 
(JTAG) interface, confonning to IEEE 1 149.1 boundaiy-scan standard . may be provided, in 
addition to infrared interface 38, to initially load the embedded operating system into patient 
progiammer 20 and, in particular, into a system memory 24. 

[00761 Loading interface 40 may be accessible after substantial manufacture of programmer 
20 to allow generic programmers to be assembled and later programmed to fill orders. 
Loading interface 40 may be generally inaccessible after substantial manufacture of 
programmer 20. e.g., after access to loading interface 40 is blocked by completion of the 
housing of the programmer 20. Infixed interfece 38 may be accessible after complete 
manufacture of programmer 20, and exposed by the housing of the programmer. 
[0077] The infrared interface 38 for updates and upgrades in the field may be provided in 
addition to a software loading interface 40 that is used to initially load the operating system 
software and application software upon manufachire and assembly of the programmer. In 
some embodiments, infrared interface 38 may be alternatively realized by different types of 
communication devices, such as an RF communication device that communicates according 
to wireless communication technologies such as IEEE 802.1 la, 802.1 lb, 802.1 Ig, or 
Bluetooth. In this case, a similar Ustening period may be provided upon power-up to pcmiit 
communication with a field programmer. 

[00781 Telemetry interfece 30 includes transmit and receive circuitry, and may be selectively 
coupled to internal antemia 32 or external antenna 34 via a switch 41. Programmer 20 may 
include fiirther circuitry to detect extemal antenna 34. and drive display 28 and telemetry 
interface 30 based on the detection. Batterypowersupply 36. in some embodiments, may 
include one or more alkaline batteries. e.g., AA or AAA batteries, that may be replaced when 
they are dq)leted via a door or other access opening in the housing of patient programmer 20. 
hi some cases, the batteries may be rediargeable. The batteries may be placed proximate 
internal antemia 32 and provide a load to enhance noise immunity to extemal magnetic 
interference. A power management circuit 43 delivers power from battery power supply 36 
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to various components of patient programmer 20. An audio transducer 45 may be provided 
to emit audible beeps or.tones in response to button or keypad entries by the patient 18, or 
other events. 

[0079] FIG. 3 is a flow diagram illustrating a technique for selectively enabling and disabling 
display 28 and associated display electronics to reduce electrical and electromagnetic 
interference during telemetry sessions using internal antemia 32. As shown in FIG. 3, the 
technique involves activating telemetry interface 30 (42) within patient programmer 20 to 
initiate a communication session with IMD 12. If the external antemia 34 is connected (44) 
to the patient programmer 20, display 28 is enabled by processor 22 so that patient 1 8 can 
view the display during the telemetry session, if desired. Telemetry integrity of external 
antemia 34 is not compromised by display 28 due to the length of the cable used to couple 
external antenna 34 to programmer 20. 

100801 If external antemia 34 is not comiected (44). or in some embodiments if patient 18 has 
designated that external antenna will not be used, processor 22 disables display 28 (46) to 
reduce potential electrical and electromagnetic interference caused by the display and 
associated display electronics. Space constraints within programmer 20 cause telemetry via 
internal antenna 32 to be disrupted by display 28. In some embodiments, processor 22 may 
disable various electronics on an entire circuit board on which display 28 is mounted. 
[0081] In either case, disabling display 28 reduces electrical and electromagnetic 
interference, thereby avoiding degradation of telemetry performance when internal antemia 
32 is used. Upon deactivating telemetry interface 30 (48). i.e.. at the end of or during a pause 
in the telemetry session with IMD 12. processor 22 enables display 28 so that the display can 
present information to the user (50). In some embodiments, processor 22 also may 
selectively disable audio transducer 45 during telemetry to avoid any electrical and 
electromagnetic interference that may be caused by operation of the audio transducer. 
[0082] FIG. 4 is a perspective view of patient programmer 20. As shown in FIG, 4. patient 
programmer 20 includes a housing 47. Housing 47 may have a height of approximately 8 to 
10 cm. a width of approximately 5 to 6 cm, and a thickness of approximately 2 to 3 cm. 
Housing 47 may be formed of molded plastic and may include a ftont housing cover 96 and a 
bottom housing cover 98, as well a lens cover faceplate 68 with a transparent display section 
72. Faceplate 68 may be formed ofa clear plastic material. Front cover 96 includes a 
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number of input buttons 52, 54, 55, 56, 58, 60. 62. More specifically, front cover 96 may 
include apertures that permit buttons 52, 54, 55, 56, 58, 60, 62 to protrude through the front 
cover from the interior of housing 47. Front cover 96 also includes an infrared interface 
window 70 that exposes an infrared (e.g., IRDA) transmitter and receiver. 
[0083] Buttons 52, 54 are minus and plus buttons, respectively, that may permit patient 18 to 
decrease and increase values of neurostimulation parameter settings. In particular, buttons 
52, 54 may permit patient 18 to quiddy increase and decrease the amplitude of stimulation 
being delivered by IMD 12. Button 55 is an on/off button that ttiras power on and off, and 
turns backlighting on and off. Button 62 is a four-way (up, down, left, right) rocker switch 
that permits navigation through items presented on display 28. 

[0084] Buttons 60 may be devoted to a variety of functions sudi as activation of stimulation, 
deactivation of stimulation, and interrogation of IMD 12 to check device stattis. The device 
status may include remaining battery power and current stimulation parameter settings, and 
may be displayed on display 28. Buttons 56, 58 correspond to software-defined soft keys 64, 
66, respectively, which are presoited by display 28. The displayed soft keys 64, 66 may be 
flexibly reprogrammed to accommodate different functions, features, treattnents and 
contexts. Each button 56, 58, upon depression, specifies user input with respect to the soft 
keys 64, 66. Any of buttons 52, 54, 55, 56, 58, 60, 62 may have different tactUe surfaces or 
sensations, e.g., different pressures, when pushed to permit the patient to more readUy 
dififarentiate the buttons. 

[0085] FiaSisapartially exploded view ofapatientprogrammer 20 ofFIG. 4. As shown 
in FIG. 4, lens cover faceplate 68 includes apertures to accommodate buttons 56, 58. Again, 
feceplate 68 maybe formed from a clear plastic material. However, a portion of faceplate 68 
may be printed to frame a transparent area 72 that exposes display 28 for viewing by the user. 
Faceplate 68 may be printed with personalization information used to identify a patient or a 
clinic. Further, faceplate 68 may be printed with graphics or text to match the type of IMD 
12 that patient programmer 20 is programmed to control. Faceplate 68 may be designed to 
fit a configuration of patient programmer 20. For example, faceplate 68 may include 
additional apertures or no apertures to accommodate the number of buttons included on 
patient programmer 20. Also, faceplate 68 may be a specific size and/or shape to fit the 
allotted area within front cover 96. 
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[0086] A software loading interface 74, such as a JTAG interface, is provided within patient 
programmer 20 under faceplate 68. Front housing cover 96 defines an aperture for access to 
software loading interface 74. Software loading interface 74 of FIG. 5 may correspond to 
software loading interface 40 of FIG. 2. Accordingly, patient programmer 20 may be ahnost 
fully assembled, except for insertion of faceplate 68, before software loading. Piior.to 
insertion of faceplate 68. the embedded operatmg system in patient programmer 20 may be 
loaded, updated, or upgraded via software loading interface 74. A programming device (not 
shown) may be applied to loading interface 74 via front cover 96 to load the software 
instructions selected based on the fimction desired for programmer 20. 
[00871 One advantage of that configuration is the ability to pre-manufacture patient 
programmers. Aplurality of generic patient programiners may be manufactured and stored 
untilaspecifictypeofprogrammer20isorderedforaparticularIMD 12. Thegeneric 
patient programmers are then programmed with the software appropriate for a desired type of 
IMD 12 via software loading interfece 74. Facq)late 68 conforming to the configuration of 
patient progr^mner 20 and the type of IMD 12 is then placed within fiont cover 96, sudi that 
the transparent area 72 exposes display 28 and software loading interface 74 is covered. 
[0088] For example, software loading interface 74 may be exposed via a front housing cover 
96, e.g., prior to place of a lens cover faceplate over the front housing cover. The front 
housing cover 96 presents an aperture that permits access to the software loading interface 
74, but is covered by the lens cover faceplate 68 when it is placed in the front cover housing. 
In this manner, patient programmer 20 may be programmed as one of the final stq)s in the 
manufacturingprocess. A programming head (not shown) may be sized and shaped to 
engage the software loading interface 74 and download software from a host computer such 
as a handheld computing device. 

[0089] Again, this feature enables a large number of programmers to be preassembled, * 
placed in storage if desired, and tiien programmed for operation with an appropriate type.of 
neurostimulator, e.g., just before the lens cover faceplate is placed in the front housing cover. 
Hence, large numbers of programmers 20 can be stockpUed, and then loaded with appropriate 
operating system and application software to specially configure the programmer for use with 
a spedfic neurostimulator. 
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10090] Programmer 20 also includes infrared interface 70 to receive software changes after 
programmer 20 has been fiiUy assembled. Infrared interface 70 may correspond to IRDA 
interface 38 of FIG. 2. Bottom cover 98 and front cover 96 form an aperture to allow access 
to infrared interface 70. A controller may control infrared interface 70 to initiate an infrared 
communication session for a period of time, such as approximately 5 to 10 seconds, 
following power-up of programmer 20. If an infrared source is applied to infrared interface 
70 during the period of time immediately following power-up, the controller maintains the 
infrared communication session until the software changes are uploaded. Hence, upon 
power-up of programmer 20, ag. by replacement of batteries or activation of an "on" button, 
infrared interface 70 is powered up and enters a short Ustening period to estabhsh 
communication with a field programmer, if present. 

[0091] The field programmer may be a PDA with its own infrared port, and may be equipped 
to download software changes to programmer 20 via infrared interface 70. If no external 
infrared interfece is detected before the end of the short listening period, infrared interfece 70 
is deactivated. The software changes may include changes to the operating system of the 
programmer 20, and dianges to the neurostunulation programs of IMD 12. In general, the 
IRDA standard facUitates the point-to-point or point-to-multipoint communication between 
electronic devices such as computers, mobile phones, and other devices. 
[0092] In some embodunents, infiared interface 70 may be generaUy compUant with the 
IrDA Serial hifrared Physical Layer Specification (IrPHY) Version 1.3 (October 15, 1998). 
Lifiared interface 70 may implement the Low-Power Option and be hardware-limited to a 
maximum baud rate of 38.4 kilobits per second. Communication reUes on a directed infrared 
communications link over a relatively short distance, on flie order of less than or equal to 
approximately 1 meter. Infixed interface 70 includes an infrared transmitter and receiver for 
two-way communication with another 'device. 

[0093] In the event programmer 20 is a patient programmer, tiie oflier device may be a 
clinician programmer or a dedicated field programmer such as a PDA with an infrared 
interface, or programmer 20 may communicate wifli both device. Upon power-up, infrared 
interface 70 detects whetiier a clinician programmer, field programming device, or other 
device is in tiie vicinity of programmer 20. If so, programmer 20 establishes communication 
to update software or firmware witiiin the programmer. 
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[0094J FIG. 6A is a perspective view of an external antenna 34 for use with a patient 
programmer 20. As shown in FIG. 6A, external antenna 34 includes a cable 86 and a loop- 
like telemetry head 74 at one end of the cable. The loop-like telemetry head 74 is placed on 
the patient's body at a position near IMD 12. The loop-like telemetry-head may define a 
unique aperture 78 with a wide end 80 and a narrow, tapered end 82. e.g., somewhat similar 
to the shape of a tear drop. 

[0095] The narrow, tapered end 82 of the aperture defines a channel or "notch" designed to 
capture clothing worn by the patient to thereby hold the telemetry head 74 in place near IMD 
12 during programming. When the clothing, such as a shirt, is forced into the channel, 
fiiction tends to hold the clothing and the telemetry head 74 in place relative to one another. 
FIG. 6B is a perspective view of telemetry head 74 and cable 86. In FIG. 6B, telemetry head . 
74 is attached to a patient's shirt In particular, part of the patient's shirt is held in place 
within the channel defined by narrow, tapered end 82 to thereby hold telemetry head 74 in 
place relative to an IMD 12. 

[0096] The configuration shown in FIGS. 6A and 6B aUows relatively stable positioning of 
external anterma 34 relative to IMD 12. Patient 18 does not need to physically hold external 
antenna 34 in position relative to IMD 12. Therefore, patient 18 may have both hands free to 
manipulate programmer 20, update neurostimulation programs, change neurostimulation 
parameters in IMD 12, or handle other tasks. 

[0097] As further shown in FIGS. 6A and 6B, telemetry head 74 may be formed fiom 
molded plastic and include rubberized grip surfaces 84A, 84B. Cable 86 may include strain 
rcUef sections 88. 94, a filter 90, and a plug 92 for plugging the cable into a jack provided in 
patient programmer 20. The jack provided by programmer 20 also couples external antenna 
34 to telemetry interface 30, fix)m FIG. 2. Cable 86 carries a conductor that couples to a 
conductive antenna loop within telemetry head 74. In FIG. 6A, cable 86 appears to be 
relatively short but can be approximately two to three feet long if desired. The length of 
cable 86 allows programmer 20 to perform telemetry via external antenna 34 with display 28 
enabled. The distance between external antenna 34 and display 28 reduces interference to 
telemetry genwated by display 28. 

[0098] FIG. 7 is a perspective view of patient programmer 20. Patient programmer 20 is 
designed to appear similar to a pager or other common, small electronic device, and not 
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necessarily like a medical device. Patient 1 8 may discreetly cany and use programmer 20. 
An internal antenna 32 (not shown in FIG. 7) further allows patient 1 8 to modify the 
performance of IMD 12 by simply holding programmer 20 in a position relative to IMD 12. 
In that way, patient 1 8 is not required to cany an extemal antenna 34 at all times. 
[0099] FIG. 8 is a perspective view illustrating the patient programmer 20 of FIG. 7 with the 
front cover 96 removed and an interior view of the top housing cover. As shown in FIG. 8, 
bottom cover 98 contains a display circuit board 104 and an antenna circuit board 106 
stacked on top of one another. Display circuit board 104 carries display 28 and associated 
display electronics. In addition, display circuit board 104 canies a number of user input 
switches 103 that conespond to a push button matrix 26, from FIG. 2. 
[0100] The input switches 103 receive input from various buttons 55, 56, 58, 60, 62. The 
buttons may be fonned in part by mbber button molding 100, placed between display circuit 
board 104 and front cover 96, that interfaces with the switches. Input switches 105 are 
carried by antenna circuit board 106, and interfece with button molding 102. Button molding 
102 forms buttons 52 and 54 which allow control of the stimulation amplitude. Switdies 103 
may be fonned as conventional snap dome switches. 

[0101] Front cover 96 includes an aperture 72 to allow a user to view display 28 mounted on 
display circuit board 104. Front cover 96 also includes an aperture to allow access to 
software loading interface 74. In the embodiment shown in FIG. 9, button molding 100 also 
includes an aperture for software loading interfece 74. In other embodiments, button 
molding 100 may comprise a different configuration and number of buttons than that shown 
in FIG. 9. 

[0102] FIG. 9 is a perspective view illustrating the patient programmer of FIG. 7 with the top 
housing cover 96 and display circuit board 104 removed. FIG. 9 reveals an antenna circuit 
board 106 that lies beneath display circuit board 104.* A conn^tor 107 included on a top side 
of antenna circuit board 106 serves to connect antenna circuit board 106 to display circuit 
board 104 via another connector (not shown) included on a bottom side of display circuit 
board 104. 

(01031 Antenna circuit board 106 may cany telemetry circuit electronics, power 
management electronics and, on a bottom side, internal antenna 32. Display circuit board 
104 may cany control drcuitiy, display circuitry electronics, and on a top side, display 28. 
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Antenna circuit board 106 provides power to display circuit board 104 via electrical 
connector 107. 

[0104] In some embodiments, the control circuitry on display circuit board 104 controls 
display 28 and the telemetry circuit electronics on antenna circuit board 106 via connector 
107. Hence, the intelUgence to control operations of both display circuit board 104 and 
antenna circuit board 106 may be mounted on a single one of the boards, such as display 
circuit board 104. The intelligence, in the form of a processor, logic circuitry of otiier 
equivalent structure, may interact with components on both boards 104, 106 via electrical 
Connector 107. 

10105] Consequentiy, software may be initially loaded via software loading interfece 74, as 
described herein, to program a processor on only one of the boards 104, 106, such as display 
circuit board 1 04. In some embodiments, a processor on display circuit board 1 04 may be 
programmed for use with particular types of IMDs, or for use with different antenna circuit 
boards 106 have different features. In this manner, display circuit board 104 may be 
generically constructed for modular use in a variety of programmers, but then specifically 
programmed for a givm application. 

[0106] Internal antenna 32 is placed as far away from display 28 as possible within the 
reasonable size limits of handheld programmer 20. However, telemetry via internal antenna 
32 can still be adversely impacted by electrical and electromagnetic noise generated by 
display 28 when it is enabled. Therefore, control drcuitiy, such as processor 22, may be 
configured to selectively disable display 28 during telemetry via internal antenna 32, in 
accordance wifli the invention. 

[0107] To fimher reduce electrical and electromagnetic interference, in some embodiments, 
display circuit board 104 may be designed to include a majority of digital components, such 
as'display, processor and memory circuitry, and antenna circuit board 106 may be designed to 
include a majority of analog components, sudi as telemetry and power supply circuitry. In 
either case, the control circuitry may selectively disable display circuit board 104 during 
telemetry via internal antenna 32 to substantially eliminate digital noise associated with 
display 28. 

[0108] FIG. 10 is a perspective view illustrating the patient programmer of FIG. 7 with the 
top housing cover 96, display circuit board 104 and antenna circuit board 106 removed. As 
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shown in FIG. 10. bottom cover 98 defines a battery bay 108. Battery bay 108 may be 
fonned by a rectangular raised wall that is molded into bottom cover 98. Battery bay 108 
may be shaped and sized to accommodate one or more batteries to power the components in 
patient programmer 20. In the embodiment shown in FIG. 10, batteiy bay 108 is sized to 
accommodate two AAA alkaline batteries for purposes of illustration. The rectangular raised 
wall protrudes into patient progranmier 20 such that the wall and the batteries in battery bay 
108 are substantiaUy adjacent to a bottom side of antenna circuit board 106. Battery bay 108 
is entirely contained within patient programmer 20, and consumes some of the depth of the 
patient programmer housing. 

[01091 As shown in FIG. 10, in accordance with the invention, patient programmer 20 may 
be assembled by stacking components 98, 106, 104,96ontopofoneanotherinaz-axis 
technique. The z-axis technique allows the assembly process to be at least partially 
automated, and generally refers to the stacking of components, one on top of the other, from 
bottom to top. For example, antemia circuit board 106 is placed into bottom housing cover 
98. 

[0110] Display circuit board 104 is then placed over antenna circuit board 106 and coupled 
to antenna circuit board 106 via electrical connector 107. Front cover 96 is placed over 
display circuit board 104 to substantially enclose the display and antemia circuit boards 104, 
106 within front cover 96 and bottom housing cover 98. In some embodiments, the 
placement of button moldings 100, 102 over display circuit board 104 prior to the placement 
of front cover 96 is also automated. After programmer 22 is substantially assembled, as 
described above, software is loaded into a memory 24 via software loading interface 40 
through an aperture in front cover 96. A faceplate 68 is then placed over front cover 96 to 
cover loading interfece 40 and expose display 28 for viewing, providing a complete 
assemHly. 

[OlllJ FIG. 1 1 is a perspective view illustiating tiie patient programmer of FIG. 7 wifli the 
top housing cover 98, display circuit board 104 and antenna circuit board 106 removed, and 
an antenna-side view of tiie antemia circuit board. i.e., a view of the antemia circuit board 
from a side on which tiie antenna is mounted. As shown in FIG. 1 1, antenna circuit board 
106 carries internal antenna 32. Internal antenna 32 may have a loop-like structure 1 10 tiiat 
defines a cential aperhire 1 12. In some embodiments, tiie loop-like structtire 1 10 may be 
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substantially rectangular.. The central aperture 1 12 may be shaped and sized to permit 
insertion of one or more batteries placed in battery bay 108 of bottom housing cover 98. 
Battery bay 108 may protrude into the antenna aperture 1 12 when programmer 20 is folly 
assembled. The batteries may rest on the surface of antenna circuit board 106. 
[0112] The batteries may be placed in the battery bay via an access door on the outside of the 
patient programmer housing. The access door may be a hinged door or a removable, sHding 
door. In some cases, the batteries in battery bay 108 may contribute fevorably to the RF load 
presented to the internal antenna 32. In particular, the batteries contained within loop-like 
structure 1 10 may present an additional load to the internal antenna 32 that enhances 
immunity to electrical and electromagnetic interference from external magnetic fields during 
telemeby sessions with the IMD 12. To forther reduce electrical and electromagnetic 
interference, the internal antenna 32 may be constiiicted with a woven copper braid that 
enhances shielding and reduces antenna loading during transmission and iecq)tion. 
[0113] FIG. 12 is a paspective view iUustiating the antenna circuit board 106 and bottom 
housing cover 98 of the patient programmer 20 of FIG. 7. Internal antenna 32 is mounted 
away fix)m antenna circuit board 106 to maximize tiie distance between internal antenna 32 
and display 28 mounted on display circuit board 1 04. In some embodiments, antenna 32 may 
be securely mounted within an annular, recessed area in bottom housing cover 98 that 
surrounds battery bay 108. 

[0114] For example, antenna 32 may be mounted on a carrier that is welded to bottom 
housing cover 98. The space between antama circuit board 106 and loop-like structure 1 10 
is substantially filled by battery bay 1 08 extending into antenna aperture 1 12. The placement 
of battery bay 108 within aperture 1 12 enables programmer 22 to maintain a smaller size. 
Also, the batteries placed in battery bay 108 within aperture 1 12 reduce external magnetic 
interference to internal antenna 32 by providing an RF load to the internal antenna, . 
enhancing nojse immunity. 

[0115] FIG. 13 is a perspective view illustiating a side view of flie display circuit board 104 
and tiie antenna circuit board 106. FIG. 14 is a perspective view illustrating a second side 
view of the display circuit board 104 and tiie antenna circuit board 106. As shown in FIGS. 
13 and 14, tiie loop-like structure 1 10 of internal antenna 32 is displaced from tiie surface of 
antenna circuit board 104. Loop-like structure 1 10 is mounted to a connector 1 13 on tiie 
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surface of antenna drcuit board 106. The connector couples internal antenna 32 to telemetry 
circuitry 30. A jack 1 14 is provided on antenna circuit board 106 to receive plug 92 from 
external antenna 34. Plug 114 couples external antenna 34 to telemetry interface 30. Display 
28 is mounted to the surface of display circuit board 104 and is coupled to display circuitry. 
[0116] Display circuit board 104 and antenna circuit board 106 are coupled to each other by 
an electrical connector interface. The electrical connector interface (not shown) allows the 
circuitry on the two circuit boards to interact. For example, antenna circuit board 106 
includes power control circuitry that powers both circuit boards 104 and 1 06, as well as 
telemetry circuitry. The power control circuitry may include a dc-dc converter to convert 
power from batteries to operating power for the various components within programmer 20. 
[0117] Additionally, display circuit board 104 includes control circuitry, such as processor 
22, to control both display 28 and telemetry interface 30. The control circuitry may 
selectively disable or enable display 28 and related display circuitry based on whether 
external antenna 34 is connected to programmer 20 via plug 114. If so, display 28 can be 
enabled because the electrical and electromagnetic noise generated by the display is less 
likely to have an adverse effect on telemetry via external antenna 34. 
[01181 To reduce the effects of electrical and electromagnetic interference produced by 
display 28, and associated display electronics, on telemeHy performance, the display and 
internal antenna 32 may be displaced from one another within the patient programmer 
housing, as shown in FIGS. 13 and 14. For example, the display 28 and associated display 
electronics are mounted on a display circuit board 104, and internal antenna 32 and 
associated transmit and receive electronics may be mounted on antenna circuit board 106. 
[0119] The display and antenna circuit boards 104, 106 occupy different planes, displaced 
from one another, within the housing of patient programmer 20. Hence, processor 22 may be 
configured to drive telemetry electronics on antenna circuit board 106, yet r^ide on a 
different board, e.g.,.display circuit board 104. However, display 28 and internal antenna 32 
may overlap one another, providmg a compact, stack-like configuration. Internal antenna 32 
may be mounted on an outward-fadng side of the antenna cirxjuit board 106, and the display 
28 may be mounted on an outward-fadng side of the display circuit board 104. The internal 
anteima may be mounted in bottom housing cover 98 above the surface of the circuit board 
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Via a connector. In this manner, the internal antenna also may be displaced from the second 
drcuit board. 

I0120I The separation distance between the circuit boards 104, 106 may serve to reduce the 
effects of electrical and electromagnetic interference caused by the display 28 on signals 
transmitted and received by the internal antenna 32. In addition, the placement of the 
telemetry electronics and display electronics on different circuit boards may reduce 
interference. In summary, the internal antenna arrangement provides a compact design, but 
reduces the effects of circuit board noise on telemetry performance due to operation of 
display 28. 

[01211 A majority of digital electronics may be placed on the display circuit board 104 with 
the display 28, and a majority of analog and RF electronics may be placed on the antenna 
drcuitboard 106. Consequently, much of the digital electronics on the display circuit board 
104 may be selectively turned off during telemetiy sessions administered by analog 
componaits on the other drcuit board 106. 

[0122] In some embodiments, for purposes of illustration, the center planes of the display 
drcuitboard 104 and the antenna circuit board 106 maybe approximately 0,3 to 1.0 cm 
apart. The internal antenna 32, mounted above antenna circuit board 106, may be 
approximately 1 .0 to 1 .5 (an away from the center plane of the display circuit board, and 
approximatdy 1.2 to 2.0 cm away from the baclq)lane of display 28. Loop-like structure 110 
of internal antenna 32 may have an inner dimension (i.e., of aperture 1 12) of approximately 
5.5 to 6.5 cm in length by q)proximately 2.8 to 3.2 cm in vridfli, and an outer dimension of 
approximately 6.5 to 7.5 cm in length by approximately 4.2 to 4.6 cm in width. Display 28 
may have a dimension of approximately 3.0 cm by approximately 4.3 cm. 
[0123] FIG. 15 is a perspective view iUustrating the bottom housing cover 98 with a batteiy 
bay 108 and loop-like structure 110 of internal antenna 32. As shown in FIG. 15, loop-like 
structure 1 10 extends aboul the rectangular wall of batteiy bay 108, and resides in a recess 
between the outer walls of bottom cover 98 and the battery bay. Thus, batteiy bay 108, and 
batteries placed in the batteiy bay, protrude upward through the aperture defined by loop-like 
structure 110. Accordingly, the batteries fill a portion of the aperture, and provide an 
additional load that enhances noise immunity for internal antenna 32. 
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[0124] FIG. 16 is a perspective view illustrating the internal antenna 32 and the antenna 
circuit board 106. As shown in FIG. 16, antenna 32 may be adhesively bonded to an 
insulative spacer 116. Internal antenna 32 comprises a plastic frame shaped to fit within 
bottom cover 98 and around battery bay 108. The plastic frame comprises connector pins to 
couple to antenna circuit board 106. Conductive windings wrap around the plastic frame to 
CTeate internal antenna 32. The conductive windings may be wrapped about a perimeter of 
the plastic fiBme. The plastic frame and conductive windings are then substantially 
surrounded by a coppa: braid shielding that is wrapped in successi ve turns around the plastic 
frame and windings to block external magnetic interference. 

I0125J FIG. 17 is a perspective view illustrating an exploded view of the top housing cover 
96 including a display lens cover faceplate 68. Faceplate 68 is formed of transparent plastic 
material, and is printed to form a non-tiransparent border around a display screen window 72 
that exposes display 28 for viewing by patient 18. Also illustrated are button moldings 100, 
102, which cany formed buttons 52, 54, 55, 56, 58, 62. 

[0126] FIG. 18 is a perspective view illustrating another exploded view of the top housing 
cover 96 with flie display lens cover faceplate removed from the top housing cover. 
Faceplate 68 may be mounted within a recessed area 1 1 5 fonned in top cover 96 as the final 
step in assembly of patient programmer 20. Faceplate 68 may be an in-mold decorated lens 
faceplate that can be printed with distinctive indicia just prior to assembly to customize the 
appearance of patient programmer 20, and then inserted into recessed area 1 15 in the front 
housing cover 96. Faceplate 68 may also be customized for a number of apertures required 
for buttons on a particular type of programmer 20. In some cases, the display lens cover 
feceplate 68 may be printed with personalization information, such as patient name, address 
and phone numbo*. 

101271 Also, the display lens cover faceplate 68 may carry dififerent graphics to distinguish* 
different types of therapy delivered by tiie IMD 12 witii which patient programmer 20 is 
used, or distinguish different model types. The faceplate also may be made witii different 
configurations that expose different sets of buttons, and may have different appearances, 
including different colors, iUustiutions, and designs, while fitting in a common mounting area 
defined by recessed area 1 15. Hence, tiie faceplate 68 may be selected from one of a 
plurality of facq)lates having different configurations based on a match between the 
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configuration of the plate member and a type of neurostimulator programmer being 
assembled. 

[01281 For example, various color schemes, graphical motifs, and the like may be patient- 
selectable by selecting a particular faceplate 68. The patient may enjoy the ability to choose 
the appearance of programmer 20 by choosing a faceplate 68. Although a particular 
faceplate configuration is described and illustrated herein for purposes of illustration, the 
size, shape and structure of faceplate 68 should not be considered limiting. Rather, faceplate 
68 may have any of a variety of different characteristics. Once selected, a particular 
facq)late 68 may be fixed to the housing of programmer 20, e.g., during manufacturing 
following a pre-order specification of the faceplate. Alternatively, the faceplate 68 may be 
readily applied to the housing of programmer 20 and, in some instances, made detadiable so 
that the faceplate may be detached and replaced with a dififercnt faceplate, if desired. 
10129] The patient programmer 20 may feature a stacked configuration that permits Z-axis 
assembly of the components of the progranuner, including bottom housing cover 98, internal 
antenna 32, antenna circuit board 106, display circuit board 104, button moldings 100, 102, 
top housing cover 96, and display lens cover faceplate 68, which protects display 28. In this 
manner, the various components may be stacked on top of one another to build the patient 
programmer 20 from back to front, i.e., in a z-axis orientation. The z-axis assembly can 
simplify assembly, and permit automated assembly techniques in some instances. 
[0130] FIG. 19 is a perspective view illustrating a bottom side of the patient programmer 20 
of FIG. 7, including a battery door. As shown in FIG. 19, bottom cover 98 of patient 
programmer 20 may include a hinged battery door 116 that provides access to battery bay 
108. Accordingly, a patient may replace batteries within battery bay 108 when the batteries 
are near depletion. A low battery indication may be presented by display 28 in response to 
detection of a low battery state by power management module 43 (FIG, 2). 
[0131J FIG. 20 is a perspective view illustratmg a clinician programmer 117, with a 
touchscreen 1 19, that may be used with a neurostimulation system 1 0 as described herein. 
FIG. 21 is a perspective view of the clinician programmer 117 of FIG. 20, and fiirther 
iUustrates a stylus 121 for use with touchscreen 1 19, and an RF telemetty head 123 attached 
to the clinician programmer 1 17 via a cable 125. hi operation, a clinician uses clinician 
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programmer 1 17 to program neurostimulation therapies into IMD 12 via RF telemetry using 
RF telemetry head 123. 

[0132] FIG. 22 is a perspective view illustrating a neurostimulation system including a 
clinician programmer 117, patient programmer 20 and IMD 12. The system includes IMD 
12, which delivers neurostimulation therapy to patient 12 via one or more implanted leads. 
Clinician programmer 1 1 7 is used by a clinician to program neurostimulation therapy for 
patient 12. In particular, the clinician may use programmer 117 to create neurostimulation 
therapy programs. As part of the program creation process, programmer 1 1 7 allows the 
clinician to identify parameter settings and electrode configurations that enable IMD 12 to 
deliver neurostimulation therapy that is desirable in terms of, for example, symptom reUe^ 
coverage area relative to symptom area, and side effects. 

[0133] Programmer 1 1 7 may also allow the clinician to identify parameter settings that 
oiable IMD 12 to deUver effective neurostimulation therapy with desirable device 
performance characteristics, e.g., low battery consumption. Programmer 1 17 controls IMD 
12 to test parameter settings in order to allow a clinician to identify desirable configurations 
in an efficient manner. Once clinician programmer 1 17 has loaded IMD 12 with 
neurostimulation therapy programs, the patient then uses patient programmer 20 to modify 
and select programs and parameter settings. Clinician programmer 1 17 may be configured to 
incorporate features described herein with respect to patient programmer 20. Accordingly, 
features attributed to patient programmer 20 may be applicable to the design of other 
programmers such as a clinician programmer, in accordance with the invention. 
[0I34J FIG. 23 is a conceptual side view of an antenna circuit board 1 04 for use in a 
programmer 20. Antenna circuit board 104 is not necessarily in proportion, but provides an 
iUustration of various layers of the circuit board, which is coupled to antenna 1 1 0 via a 
connector 137. Connector 137 couples antenna 1 10 to circuit board 104. As described 
herein, antenna 1 10 may have a loop-like configuration that defines an aperture that may 
accommodate a battery bay. Antenna circuit board 104 may include a ground plane 130, a 
signal plane 132, and a signal plane 134. Optionally, a power plane carrying operating power 
may be provided within drcuit board 104, or distributed across signal planes 132, 1 34. 
[0135] Dielectric layer 136 separates ground plane 130 and signal plane 132. Similarly, 
dielectric layer 138 separates ground plane 130 and signal plane 134. Antenna circuit board 
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110, Hke display circuit board 106, may be constructed fh)m conventional laminated circuit 
board materials. Ground plane 130 and signal planes 132, 134 may be formed from 
conductive coatings or layers, and etched or printed to define desired circuit traces. Signal 
planes 132, 134 may support a variety of surface mount components. 
(01361 In accordance with another embodiment of the invention, ground plane 130 and 
signal planes 132, 134 maybe configured to fiirther promote telemetry perfonnance. For 
example, ground plane 130 and signal planes 132, 134 may be configured to balance two 
competing objectives. First, a single, contiguous ground plane area is desirable to provide a 
low impedance return path for electrical signals transmitted via traces on signal planes 132, 
134. A single, substantially contiguous ground plane 130 serves to maximize RF signal 
integrity. 

10137] Second, it is desirable to present a minimal magnetic load to the magnetic circuit 
operating on antenna 1 10. Reduction or elimination of surface area of conductive signal 
planes 132, 134 within the antenna aperture serves to reduce the magnetic load to the 
magnetic dicuit of antenna 1 10. In other words, forming signal planes 132, 134 that define 
apertures in alignment with the aperture of antenna 1 10 can substantially reduce the magnetic 
load. The ground plane and signal plane features described herein may be especiaUy suitable 
for antenna circuit board 104, but may also be usefiil with display circuit board 106. 
[0138] Providing a single, contiguous ground plane 130 with signal planes 132, 134 defining 
q)ertures that correspond to the antenna aperture results in losses in the magnetic field 
strength generated by the antenna 1 1 0, and magnetic signal integrity is maximized. The 
apertures defined by signal planes 130, 132 may be substantially continuous. Alternatively, a 
"cross-hatched" conductive pattern within flie signal plane areas corresponding to the 
antenna aperture can present a controlled, reduce magnetic load to tiie antenna. 
[0139] FIG. 24 is a plan view of a ground plane 130 for an antenna circuit board 1 104 as 
shown in FIG. 23. As shown in FIG. 24, ground plane 130 extends over dielectric layer 138. 
In particular, ground plane 130 is formed by a conductive layer 139 that extends over a 
substantial area of dielectric layer 138 in a substantially contiguous manner. To adiieve a 
working compromise between RF and magnetic requirements, the single, contiguous ground 
plane 130 is, in effect, divided into smaller plane areas primarily to minimize magnetic 
loading of the antenna. 
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[0140] The exact dimensions of each smaller plane area may not be critical to minimizing the 
loading. However, the desired effect of good RF and magnetic perfomance can be realized 
by incorporating a series of channel-like gaps 140A-140D (the various white lines in FIG. 
24) tiiat extend outward from an inner area of ground plane 130 toward outer edges of 
antenna circuit board 104. Not all of the gaps are associated with reference numerals due to 
limitation in the black-on-white presentation of FIG. 24. The width of each gap 140 may 
vary, but can be on the order of approximately .2 to 3.0 mm. 

[0141] The spoke-like pattern of gaps may emanate from the center of antenna circuit board 
and extend outward toward the edges, interrupting flie continuous ground plane and defining 
sub-areas. There is no conductive material in the gaps 140A-140D. These gaps 140A-140D 
divide adjacent conductive plane areas of ground plane 130 to prevent large eddy currents 
from forming around the perimeter of antenna circuit board 104 in the conductive plane 
because there are no conductive loops around the perimeter of the board. 
10142] The island-like plane areas defined by gaps 140A-140D may vary in size and shape, 
and need not be entirely decoupled &om one anotiier. Rattier, the plane areas may be 
electrically coupled to anotiier but separated to some extent by respective gaps 140A-140D. 
In some embodiments, tiie number of small plane areas defined.by gaps 140A-140D may be 
determined according to tiie fimctional grouping of electrical signals carried in corresponding 
regions of signal planes 130, 132. . In order to maintain signal integrity, for exanq)le, all 
digital signals may be grouped into one area; all analog signals may be grouped into a second 
area; and so forth. Each small area of ground plane 130 can provide sufficiently low 
impedance return paths to maintain signal integrity for the respective signal groups. 
[0143] FIG. 25 is a plan view of a first signal plane 132 for an antenna circuit board 104 as 
shown in FIG. 23. FIG. 26 is a plan view of a second signal plane 134 for an antenna circuit 
board 104 as shown in FIG. 23. First signal plane 132 is shown in conjunction witii 
dielectric layer 136, while second signal plane 134 is shown in conjunction with dielectric 
layer 138. In tiie example of FIGS. 25 and 26, tiie respective signal planes 132, 134 may 
include conductive, electrostatic discharge (ESD) layers 142, 148, respectively. 
[01441 The respective layers 142, 148 define cenbal apertures 143, 150 tiiat substantially 
correspond in size and shape to tiie apertiu-e of antenna 1 10, which is mounted over tiie signal 
planes. For example, tiie apertures 143, 150 may approximate tiie size and shape of tiie 
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aperture of antenna 1 10, although not necessarily exactly, and are positioned in alignment 
with the antenna aperture. The shapes of ESD layers 142, 148 may be accomplished by 
deposition, printing, etching or other fabrication techniques. 

[0145] Both layers 142, 148 are dedicated to ESD protection of the antenna circuit board 104 
by deliberately bringing the copper out to the left and right edges 144, 146 of the board 104 
and connecting them to the main ground of the board only at the top and middle sections of 
copper. With this configuration, any ESD events have a known and controlled conductive 
path to main ground, and the disruptive effects of ESD are minimized. In the example of 
FIG. 25, the top and bottom edges of the PCB are not as well protected from ESD as the left 
and right edges, but these areas are not flooded with copper to prevent magnetic loading 
effects, as described above. 

[0146] Various embodiments of the invention have been described. However, one skiUed in 
the art will appreciate that various additions and modifications can be made to these 
embodiments without departing &om the scope of the invention. The invention may be 
generally applicable to any programmer usefiil with an implanted medical device, including 
patient programmers or physician programmers within the context of the clinical 
programming environment. The implantable medical device may provide stimulation 
therapies for pain and movement disorders and may include other stimulation-based therapies 
as well. Also, programmer in accordance with the invention may be appUcable to other 
implantable medical devices sudi as implantable drug deUvery devices, and implantable 
cardiac pacemakers, cardioverters, or defibrillators, as well as non-implanted, extemal 
medical devices sudi as stimulators, drug pumps, or the like, and medical devices including 
both implanted and extemal components. These and other embodiments are within the scope 
of the following claims. 
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CLAIMS: 

1 . A method for assembling a programmer for a medical device, the method 
comprising: 

placing a first circuit board within a first housing member, 

placing a second circuit board over the first circuit board; 

placing a second housing member over the second circuit board to 
substantially enclose the first and second circuit boards; 

loading instructions into memory on one of the first and second circuit boards 
via a loading port accessible via the second housing member, and 

placing a plate member within the second housing member to cover the 

loading port. 

2. The method of claim 1, fimher comprising placing one or more input buttons 
over the second circuit board prior to placing the second housing member. 

3. The method of claun 1, fiirther comprising pladng the first circuit board, the 
second circuit board, the second housmg member and the plate member using an automated 
placement tedmique. 

4. The method of claim 1, wherein the first circuit board includes telemetry 
circuitry and the second circuit board includes a display and display circuitry. 

5. * The method of claim 4, wherein the display is a liquid crystal display. 

6. The method of claim 4, wherem the second circuit board includes control 
circuitry to drive the telemetry circuitry and the display circuitiy. 

7. The method of claim 6, wherein the control circuitry disables the display and 
the display circuitry during telemetry. 
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8. The method of claun 4, wherein the first circuit board comprises a bottom side 
substantially adjacent to the first housing member, the method further comprising mounting 
an internal antenna on the bottom side of the fust circuit board and coupling the intemal 
antenna to the telemetry circuitry. 

9. The method of claim 8, wherein the intemal antenna forms an aperture and the 
first housing member forms a molded area that defines a battery bay that extends at least 
partially into tiie apoture. 

10. The method of claim 4, wherein the second circuit board comprises a top side 
substantially adjacent to the second housing member, the method further comprising 
mounting the display on the top side of the second circuit board and coupling the display to 
the display circuitry. 

11. The method of claim 4, further comprising coupling an external antenna to the 
telonetry circuitry via a cable. 

12. The method of claim 1 1, wherein the external antenna defines an aperture 
with a diannel formed to hold a portion of an item of clothing associated with a patient and 
thereby hold the external antenna in a substantiaUy fixed position relative to an implantable 
medical device. 

13. The method of claim 1, wherein the loading port is a JTAG port. 

14. Tlie method of claim 1, fiirther comprising selecting the instructions based on 
one of a plurality .of different fimctional sets desired for the piDgrammer. 

15. The method of claim 1, wherein the plate member includes a transparent 
portion sized to expose a display mounted on the second circuit board. 
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16. The method of claim 1, further comprising selecting the plate member from 
one of a plurality of plate members having different configurations based on a match between 
the configuration of the plate member and a type of medical device programmer being 
assembled. 



17. Themethod of claim 16, wherein the plate member is printed with 
information to identify the prognimmer ^e. 

18. The method of claim 1, wherein the plate member configuration comprises a 
size, a shape, a printed graphic, and a number of apertures to accommodate input buttons 
extending outward from the programmer. 

19. The method of claim 1, wherein the second housing member includes a first 
aperture to expose a display mounted on the second housing member, and a second aperture 
to expose tiie loading port 

20. The method of claim 1 , further comprising applying a programming device to 
the loading port via an aperture defined by the second housing member to load the 
instructions. 

21 . The method of claim 1, v/her&n the first circuit board includes a first 
electrical connector interface and the second circuit board includes a second electrical 
connector interface, the method fiirther comprising coupling the first connector interface to 
the second connector interface to electrically connect the first circuit board to the second 
circuit board. 



22. The method of claim 1, wherein placing the first housing member and the 
second housing member comprises forming an aperture for an infrared interface to receive 
changes to software executed by a processor within the programmer during an infrared 
communication session. 



34 



PATENT 
Docket No.: 1023-284US01 



23. A programmer for a medical device comprising: 

a first circuit board placed within a first housing member; 

a second circuit board placed over the first circuit board; 

a second housing member placed over the second circuit board to substantially 
enclose the first and second cuxjuit boards; 

a loading port accessible via the second housing member to load instructions 
into memory on one of the first and second circuit boards; and 

a plate member placed within the second housing member to cover the loading 

port 

24. The programmer of claim 23, further comprising one or more input buttons 
placed over the second circuit board prior to the second housing member being placed. 

25. The programmer of claim 23, wherein the first circuit board, the second circuit 
board, the second housing member and the plate member are stacked in substantially vertical 
alignment with one anothor. 

26. The programmer of claim 23, wherein the first circuit board includes 
telemetry circuitry and the second circuit board includes a display and display circuitry. 

27. The programmer of claim 26, wherein the display is a liquid crystal display. 

28. The programmer of claim 26, wherein the second circuit board includes 
control circuitry to drive the telemetiy circuitry and the display circuitry. 

29. The programmer of claim 28, wherem the control circuitry disables the 
display and the display drcuitiy during telemetry. 
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30. The programmer of claim 26, wherein the first circuit board comprises a 
bottom side substantially adjacent to the first housing member, the programmer fiirther 
comprising an intemal antenna mounted on the bottom side of the first circuit board and the 
internal antenna coupled to the telemetry circuitry. 

31. The programmer ofclaim 30, wherein the intemal antenna defines an 
aperture, the programmer further comprising a battery bay extending at least partially into the 
aperture. 

32. The programmer of claim 31, wherein the first housing member includes a 
molded area that defines a battery bay adjacent the first circuit board. 

33. The programmer ofclaim 32, fiirther comprising an access opening in the first 
housing member to gain access to the battery bay for placement of batteries. 

34. The programmer of claim 26, wherein the second circuit board comprises a 
top side substantiaUy adjacent to the second housing member, wherein the display is mounted 
on the top side of the second circuit board and the display coupled to the display circuitry. 

35. The programmer ofclaim 26, fiirther comprising an external antenna coupled 
to the telemetry circuitry via a cable. 

36. The programmer ofclaim 35, wherein the external antenna defines an aperture 
with a channel formed to hold a portion of an item of clothing associated with a patient and 
thereby hold the external antama in a substantially fixed position relative to a medical * 
device. 

37. The programmer of claim 23, wherein the loading port is a JTAG port. 

38. The programmer of claun 23, wherein the instructions are selected based on 
one of a plurality of different fimctional sets desired for the programmer. 
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39. The programmer of claim 23, wherein the plate member includes a transparent 
portion sized to expose a display mounted on the second circuit board. 

40. The programmer of claim 23, wherein the plate member is selected from one 
of a plurality of plate members having different configurations based on a match between the 
configuration of die plate member and a type of medical device programmer being 
assembled. 



41. The programmer of claim 40, wherein the plate member is printed with 
information to identify the programmer type. 

42. The programmer of claim 40, wherein the plate member configuration 
comprises a size, a shape, a printed graphic, and a number of apertures to accommodate input 
buttons extending outward fmm the programmer. 

43. The programmer of claim 23, wherem the second housing member includes a 
first aperture to expose a display mounted on the second housing member, and a second 
aperture to expose the loading port 

44. The programmer of claim 23, further comprising a first electrical connector 
interfece included on the first circuit board and a second electrical connector interface 
included on the second circuit board, wherein the first connector interface couples to the 
second connector interface to electrically connect the first dicuit board to the second circuit 
board. 

45. The programmer of claim 23, wherein the first housing member and the 
second housing member form an aperture for an inftBred interface to receive changes to 
software executed by a processor within the programmer during an infrared communication 
session. 
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Z-AXIS ASSEMBLY OF MEDICAL DEVICE PROGRAMMER 

ABSTRACT 

In general, the invention is directed to a patient progranuner for an implantable 
medical device. The patient programmer may include one or more of a variety of features 
that may enhance performance, support mobility and compactness, or promote patient 
convenience. 
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EXHIBIT F 



The Patent and Trademark Office date stamp sets forth the 
date of receipt of: 

^ Transmittal Form 
^ Patent Application 

Applicant: William C. Phillips; John W. Forsberg 
Docket No.: 1023-284US01 

Title: Z-AXIS ASSEMBLY OF MEDICAL DEVICE 
PROGRAMMER 
Pgs of Specification 
(including Claims and Abstract) 38 
Number of Claims: 45 Sheets of Drawings: 24 
S Certif. Of Mailing 22388 U.S. PTO 

Date Mailed: October 24, 2003 10/693007 



Express Mail No.: ET987500744US 




The Patent and Trademark Office date stamp sets forth the date 
of receipt of: 

13 Petition to Correct Filing Date 
S Exhibit A - Copy of Transmittal Letter and Application 
as filed 

g Exhibit B- Copy ofUpdated Filing Receipt 
g Exhibit C - Copy of Express Mail Label 
^ Exhibit D - Copy of Postcard Receipt 
^ Exhibit E - Copy of USPS Sales Receipt 
S Exhibit F - Copy of returned postcard 

Applicant: William C. Phillips; John W. Forsberg; 

Mark E. Schommer; Alex C. Toy; 

David P. Olson; Charles R. Lewis, Jr. 
Docket No.: 1023-284US01 
Serial No.: 10/693,007 

Title: Z-AXIS ASSEMBLY OF MEDICAL DEVICE 

PROGRAMMER 

Date Mailed: June ^2004 



The Patent and Trademark Office date stamp sets forth the date 
of receipt of: 

^ Petition to Correct Filing Date 

^ Exhibit A - Copy of Transmittal Letter and Application 
as filed 

^ Exhibit B - Copy ofUpdated Filing Receipt 
^ Exhibit C - Copy of Express Mail Label 
^ Exhibit D - Copy of Postcard Receipt 
lEl Exhibit E - Copy of USPS Sales Receipt 
^ Exhibit F - Copy of returned postcard 

Applicant: William C. Phillips; Johti W. Forsberg; 

Mark E. Schommer; Alex C. Toy; 

David P. Olson; Charles R. Lewis, Jr. 
Docket No.: 1023-284US01 

Serial No.: 10/693,007 

Title: Z-AXIS ASSEMBLY OF MEDICAL DEVICE 
PROGRAMMER 
Date Mailed: June 5., 2004 
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